NACA RM SE50L29 



5 ^ . Cancelled 

source of Acquisition ’ - , '; 

CASI Acquired 


RESEARCH MEMORANDUM 


PRELIMINARY TRANSIENT PERFORMANCE DATA FOR AFTERBURNER 


OPERATION OF WESTINGHOUSE ELECTRON’.C POWER REGULATOR 


ON XJ34-WE-32 TURBOJET ENGINE IN ALTITUDE WIND TUNNEL 


By George Vasu, Glennon V. Schwent, and James R. Ketchum 


Lewis Flight Propulsion Laboratory 
Clevelauid, Ohio 


CWSSIPICAT/ION QHASffE 


By authoritv of “* *“ — 

Rg I al LM»f ij<.» of Lht. JriU.d SUUi Uk* 

traiibinluS LoA or tlo n of lU «.< no^otk Is kv 

rb..fj i iii ti^ t i'u<U'*y JL d mv u ncrvk'^b of *J* bmb*d 
u^fjdi-ru fjO/priuiHiil ^ tl rate .ittre^t 

1 diocretiojiAho t i 1 ece*j injSi. be ^riforiribd ^he^eoi 


Restriction/ 

[Classification 

Cancelled 


Thhi dccjxner^ 
mefining' of tb9 ' 
manner to an Ui 
hiformatlon a' 
States^ appropi 
therein, and to 


NATIONAL ADVISORY COMMITTEE 

C/-\0 ACDr^WIAIITI/^C 


NACA EM SE50L29 


Restriction/Classification 

Cancelled 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 
for the 

Biareau of Aeronautics, Department of the Navy 
PRELIMINARY TRANSIENT PERFORMANCE DATA FOR AFTERBURNER OPERATION OF 
WESTINGHOUSE ELECTRONIC POWER REGULATOR ON XJ34-WE-32 
TURBOJET ENGINE IN ALTITUDE WIND TUNNEL 
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INTRODUCTION 

At the request of the Bureau of Aeronautics, Department of the 
Navy, an investigation of the Westinghouse XJ34-WE-32 turbojet engine 
is being conducted in the NACA Lewis altitude wind tunnel to determine 
the steady-state and transient operating characteristics of the con- 
trolled and lincontrolled engine at various altitudes and ram pressure 
ratios. As part of this program, transient performance data that 
illustrate the operation of the engine is obtained in the form of 
oscillographic traces. Representative data of the controlled engine 
for operation in the nonafterburning range is presented in reference 1. 
Similar data for engine operation in the afterburning range, covering 
a range of throttle settings from the minimum value giving rated speed 
(throttle position, 72°) to full afterburning (throttle position, 110°), 
is presented herein. These data thus serve to indicate the transient 
characteristics of the engine when the throttle is advance into, with- 
drawn from, and moved within the afterburning range in a stepwise 
manner, as well as the steady- state stability of the engine during 
afterburning . 

The oscillographic traces presented herein show the responses of 
the following parameters to step changes in throttle position: thrust, 

ram pressure ratio, exhaust -nozzle area, engine speed, turbine- discharge 
ten 5 )erature, primary fuel valve position, con 5 )ressor -discharge pressure, 
afterburner fuel flow, primary engine fuel flow, turbine -discharge 
pressure, throttle position, afterburner igniter pressure, and pressxares 
in the three afterbiurner fuel manifolds . These data are presented for 
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a range of altitudes from 10^000 to 45,000 feet and at several ram 
pressxire ratios. In addition, data are presented to show operation 
with different schedules of afterburner fuel flow against compressor- 
discharge pressure. 


APPARATUS 

Engine . - XJ34-WE-32 turbojet engine with variable-area exhaust 
nozzle and afterburner 

Minimum primary fuel flow set to 420 pounds per hovir 
at a windmilling speed of 1500 rpm and an altitude of 2000 feet 

Control . - Westinghouse electronic power regulator (part no. 61-P- 
758-4; serial no. S-CZA-78, modified to correspond to part no. 61-F-758-6 
insofar as temperature schedule is concerned) 

The original thermocouple harness of nine paralleled 
short thermocouples at the turbine discharge was removed and replaced 
by another group of nine paralleled elements which were emersed 
6 inches. The thermocouples were also of equal resistance to insure 
more nearly average temperature indication. 

Test facilities . - Lewis altitude wind tunnel with 20-foot diameter 
test section 


Air supplied through a ram pipe connected 

directly to the engine 

Instrumentation. - Engine parameters were recorded during tran- 
sients on three multichannel direct-inking magnetic-pen-motor oscillo- 
graphs. The pen motor in combination with its amplifier has an 
essentially flat frequency response to approximately 100 cycles per 
second. The oscillograph chart speed was 2.5 units per second. Timing 
marks are shown on the lower edge of the oscillograph reproductions'. 

These marks serve as a reference for detemnining a starting point for 
the time bases of the three recorders. The following table lists the 
engine parameters that were recorded, the instrumentation used to measure 
the values of the parameters in the steady state, the sensing devices 
used to measure the variations in the parameters during transients, and 
the frequency-response range of the transient instrumentation. 
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Measured quantity 

Steady-state 

instrumentation 

Transient instrumentation 

Sensor 

Range over which 
frequency response 
is essentially flat 
(oycles/seo ) 

Thrust 


Strain gage mounted on strain link 
attached to forward engine suspension 

0-100 

Ram pressure ratio 

Airspeed indicator 

Aneroid-type pressure sensor with 
strain gage element 

0-10 at sea- 
level pressure 

Exhaust-nozzle area 

Mloroammeter connected 
to exhaust-nozzle area 
feedback potentiometer 

Exhaust nozzle area feedback 
potentiometer connected to give 
position indication 

0-100 

Engine speed 

Chronometric tachometer 

Direct current tachometer generator 

0-5 

Turbine discharge 
temperature 

Nine thermocouples in 
parallel connected to 
Brown recorder 
{ Westinghouse control 
thermocouple harness) 

Unshielded loop thermocouples 
(five in series ) 

0-1 at sea- 
level mass flow 

Primary fuel valve 
position 

Microammeter connected 
to fuel value feedback 
potent icmeter 

Fuel -value feedback potentiometer 
connected to give position 
indication 

0-100 

Compressor discharge 
pressure 

Mercury filled 
manometer 

Aneroid-type* pressure sensor with 
strain gage element 

0-10 at sea- 
level pressure 

Afterburner fuel flow 

Rotameter 

Aneroid-type pressure sensor, with 
strain gage element, connected to 
measure pressure drop across a 
fixed orifice in the fuel line 

Undetermined 

Primary fuel flow 

Rotameter 

Aneroid-type pressure sensor, with 
strain gage element, connected to 
measure pressure drop across a 
variable orifice in the fuel line 

Undetermined 

Turbine discharge 
pressure 

Alkazene filled 
manometer 

Aneroid-type pressure sensor with 
strain gage element 

0-10 at sea- 
level pressure 

Throttle position 

Selsyn indicator 

Wire-wound potentiometer connected 
to give position indication 

0-100 

Afterburner igniter 
pressure 


Aneroid-type pressure sensor with 
strain gage element 

Undetermined 

Afterburner manifold 
pressure (inner ring) 

Bourdon-type gage 

Aneroid-type pressure sensor with 
strain gage element 

Undetermined 

Afterburner manifold* 
pressure (middle ring) 

Bourdon- type gage 

Aneroid-type pressure sensor with 
strain gage element 

Undetermined 

Afterburner manifold 
pressure (outer ring) 

Bourdon- type gage 

Aneroid-type pressure sensor with 
strain gage element 

Undetermined 
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PROCEDURE 

The throttle was manually advanced or cut hack in a stepwise j, 

manner within the range of throttle positions from 72° to full after- ^ 

hurning to determine the transient operation of the engine and control. ' 

Engine parameters were measured continuously on oscillograph recorders. 

Before and after each transient, photographs of panel meters and manom- 
eters were taken to calibrate the transient traces. 

In the original afterburner control systCTi, fuel flow is scheduled 
as a function of compressor-discharge pressure. This scheduling was 
selected so that fuel flow would be proportional to air flow through the 
engine for any condition of flight speed, altitude, or ambient 
teniperature . 

Inasmuch as one of the objectives of this study was to detennlne 
effects of variations in the schedule, it became necessary to modify 
the original control so as to permit such changes to be made conveniently. 

An analysis of the original system shows that compressor-discharge pres- 
sure is referenced to a constant pressure, which is essentially the fuel 
boost pump outlet presstire, and that this function then controls fuel 
flow. It is evident that changes in the reference pressiare will cause a 
change in fuel flow at any one value of compressor-discharge pressure. 

In order to change the schedule, the fuel flow return line from the 
afterburner control that had been connected to the boost puii^) outlet pres- 
sure as a reference point was. moved to the boost pun^) inlet pressure as a 
new reference point. A schematic diagram of the fixed system, as modified, 
is presented in figure 1. 

Pump inlet pressure was then set to each of several values and in 
each case held constant for a series of transient runs. The engine was 
operated in the afterburner region in accordance with the new schedules 
thus established. Transient data were taken with several boost pimp 
inlet pressures. 

Throttle position steps of various sizes were made within the range 
of 72° to full afterburning at the following flight conditions: 


Simulated 

altitude 

(ft) 

Nominal inlet 
temperature 
(°F) 

Nominal ram 
pressure 
ratio 

10,000 

60 

1.2 

25,000 

0 

1.2 

35,000 

-11 

1.2 

40, 000 

-10 

1.05 

40,000 

-11 

1.2 

45,000 

-14 

1.4 
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PRESEOTATION OF DATA 

Preliminary data are presented, in the form of reproductions of 
oscillographic traces which have been reduced to 71 percent of their 
original size (except fig. 41 which is reduced to 54 percent of its 
original size). These data are representative of the operation of the 
controlled engine with afterburner in the range of throttle positions 
from 72° to full afterburning. 

/ 

For all runs, the following parameters are shown: 

Thrust 

Ram pressure ratio 
Exhaust -nozzle area 
Engine speed 

Turbine -discharge tenperature 

Primary fuel valve position 

Compressor-discharge pressure 

Afterburner fuel flow 

Primary fuel flow 

Turbine- discharge pressure 

Throttle position 

Afterburner igniter pressure 

Afterburner manifold pressure (inner ring) 

Afterburner manifold press-ure (middle ring) 

Afterburner manifold pressure (outer ring) 

The average steady- state value for the preceding parameters are 
indicated on the individual oscillographic traces, except for the Jet 
thrust and afterburner igniter records. These traces are shown only 
to Indicate the variation during a transient.. Because of the techniques 
employed in measuring Jet thrust, variations in ram pressure Influence 
the thrust trace. This effect of ram variation on thrust can be observed 
by noting the thrust trace when ram varies. 
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As an aid in the understanding and interpretation of the transient 
runs, a nominal power control lever schedule for static sea- level oper- 
ation is presented in figure 2. This figure shows the temperature, 
speed, and approximate thrust scheduled for each throttle position. 
Linearity of thrust is not guaranteed; instead, speed and temperature 
are controlled and thrust will he whatever is obtained at a given set 
speed and set teirperature. A calibration of exhaust-nozzle area to 
its panel meter reading is presented in figure 3. Afterburner fuel 
flow schedules for several boost pump inlet pressures are shown in 
figure 4. 

The oscillographic traces of the transient data are presented in 
figures 5 to 48 and are indexed in table I according to throttle 
position, altitude, ram pressure ratio, and boost ptimp inlet pressure. 

The figures chosen are representative of the normal operation of the 
controlled engine with afterburning within the range of throttle 
positions from 72° to full afterburning with the exception of figures 23 
to 27 inclusive where boost pump inlet pressvire was 30 pounds per square 
inch. It was found that the afterburner manifold inner ring had been 
partially coked when the data for figures 23 to 27 had been taken. This 
coking is indicated by the high press;ore in the inner ring relative to 
that in the other rings. As a result of this coking, the afterbxirner 
fuel flow is less than normal and therefore less than that scheduled. 

The fuel flow and responses obtained in this particp.lar case with partial 
coking are similar to those obtained with a boost pump inlet pressure of 
26 pounds per square inch without coking. One point on figure 4 for a 
boost pump inlet pressure of 18 pounds per square inch is somewhat low, 
which is also due to partial coking of the fuel manifold. The only 
effect of partial coking appears to be a reduction in afterburner fuel 
flow. More severe coking than that discussed above, however, results in 
oscillatory engine response. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 

Cleveland, Ohio, January 16, 1951. 
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TABLE I - INDEX TO TRANSIENT RUNS 


Altitude Nominal 
( ft ) ram 

pressure 

ratio 


Figure ' 

Throttle 

position 

(deg) 


Initial 

Final 

5 

82 

110 

6 

110 

82 

7 

82 

104 

8 

106 

110 

9 

110 

90 


72 111 

111 72 

83 111 

111 83. 

96-111-96 
72 110 

110 72 

83 110 

110 83 

110-97-110 
110 - 101-110 



105 

110 

110 

93 ai 


cut ' 

72 

108 

108 

72 

82 

108 

108 

82 

108 -' 

90-82 

72 

109 

109 

72 

82 

108 

109 

85 

106 

109 


109-101-109 

109-97-109-93-75 


82 

108 40,000 

108 

84 

73 

108 

108 

73 

82 

108 

108 

82 

108-94 

-108-93 


42 

72 

110 

43 

110 

72 

44 

83 

110 

45 

110 

83 


45,000 


Boost 
pump 
inlet 
pressure 
( Ib/sq in. ) 



110-104-110 

110 - 100-110 

109-94-109 


^Afterburner inner ring coked (see text) 
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Figure 1. - Schematic diagram of XJ34-WE-32 fuel system (taken from Westinghouse manual). 
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Figure 2. - Nominal power control lever schedule for static sea-level 

operation of typical engine. 
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Panel meter reading, q,a 

Figure 3. - Calibration of exhaust-nozzle area. 
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Figure 4. - Afterburner fuel-flow schedules. 




Figure 5. ~ Transient operation of automatically controlled engine with after- 
burner. Throttle position, 82° to 110°J altitude, 10,000 feet; nominal ram 
pressure ratio, 1»2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 5. - Continued. Transient operation Of automatically controlled engine with 
afterburner. Throttle position, 82° to 110°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 5. - Concluded. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 82° to 110°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.8; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 6. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 110 to 8S ; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 6. - Concluded. - Transient operation of automatically controlled engine witfi. 
afterburner. Throttle position, 110° to 82°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost p’omp inlet pressure, 18 pounds per square inch. 
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Figure 7. - Transient operation of automatically controlled engine with after' 
burner. Throttle position, 82° to 104°; altitude, 10,000 feet; nominal ram 


pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 7. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 82° to 104°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2;, boost pmp inlet pressure, 18 pounds per square inch. 
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Figure 7, - Concluded. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 82° to 104°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump Inlet pressure, 18 pounds per square inch. 
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Figure 8. - Transient operation of automatically controlled engine with after- 
burnero Throttle position, 106° to 110°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1,2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 8. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 106° to 110°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 8. - Concluded, Transient operation of automatically controlled engine wltfc 
afterburner. Throttle position, 106° to 110°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump Inlet pressure, 18 pounds per square inch. 
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^ it operation of automatically controlled engine with after 
burner. Throttle position, 110° to 90°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 9. - Continued. Transient operation of automatically controlled engine with 
afterburner. Throttle position, 110° to 90°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 9. • Concluded* Transient operation Of automatically controlled engine with 
afterburner. Throttle position, 110° to 90°; altitude, 10,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 10. - Transient^ operation of automatically controlled engine with afterburner. Throttle 
position, 72 to 111 ; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pvimp 
inlet pressure, 18 pounds per square inch. 
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Lgure 10. - Continued. Transient operation of automatically controlled engine with afterburner. 
Throttle position, 78® to 111°; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost 
pisop inlet pressuze, 18 pounds per square inch. 
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Figure 11. - Continued. Transient operation of automatically controlled engine with afterburner. ThDttle position, 111° to 72°; 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per" squire inch. 
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Figure 11. - Concluded. Transient operation of automatically controlled engine with afterburner. Throt;le position, 111° to 72°’ 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per squars inch. ' 
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Figure 13. - Transient operation of automatically controlled engine with afterburner. Throttle positioi, 111° to 83°j altitude, 25,000 feet; nominal 

ram pressure ratio, i.2; boost pump inlet pressure, 18 pounds per sqiare inch. 
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Figure 13. - Continued. Transient operation of automatically controlled engine with afterburner. Throttle position, 111° to 83°; 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pciinda per square inch. 
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Figure 13. " Concluded. Transient operation of automatically controlled engine with afterburrsr. Throttle positions 111 to 83 j 
altitude, £5,000 feetj nominal ram pressure ratio, 1.2; boost ptunp Inlet pressure, 38 pounds per square inch. 
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Plffure 14. » Transient operation of automatically controlled engine with afterburner. Throttle position, 96° to 111° and 111° to 96°; altitude. 25,000 feet;nominal ram pressure ratio, 1.2; 

boost pump Inlet pressure, 18 pounds per square inch. 
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Figure 14. - Continued. Transient operation of automatically controlled engine with afterburner. Throttle position, 96° to 111 and 111° to 96°; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; 

boost pump inlet pressure, 18 pounds per square inch. 
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Figure 14. “ Concluded. Transient operation of automatically controlled engine with afterburner. Throttle position, 96° to 111° and 111° to 96*^ altitude, 25,000 feet; nominal ram pressure ratio, 1.2j 


boost pump inlet pressure, 18 pounds per square inch. 
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Figure 15. -■ Transient operation of automatically controlled engine with after 
burner. Throttle position, 72° to 110°; altitude, 25,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per square inch. 
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Figure 15. - Continued. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 72° to 110°; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per 
square inch. 
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Figure 15. Concluded. Transient operation of automatically controlled engine 
with af terbxarner. Throttle position, 72° to 110°; altitude^ 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per 
square inch. 
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Figure 16. - Continued. Transient operation of automatically controlled engine with afterburner. [Throttle position, 110° to 72°j 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 poinds per square inch. ’ 
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Figure 16. - Concluded. Transient operation of automatically controlled engine with afterburner, iirottle position, 110° to 72°; 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pvimp inlet pressure, 26 pouMs per square inch. 
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Figure 17. - Transient operation of automatically controlled engine with after- 
burner. Throttle position, 83° to 110°; altitude, 25,000 feet; nominal ram 
pressure ratio, 1,2; boost pump inlet pressure, 26 pounds per square inch. 
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nominal ram pressure ratio, 1,2; boost pump inlet pressure, 26 pounds per 
square inch. 
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Figure 18. - Transient operation of automatically controlled engine with after- 
burner. Throttle position, 110° to 83°; altitude, 25,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per square inch. 
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Figure 18. - Concluded. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 110° to 83°; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per 
square inch. 
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Figure 19. •» Transient operation of automatically controlled engine with afterburner. Throttle positton, 110° to 97° and 97° to 110°j 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost p\an.p inlet pressure, 26 pouips per square inch. 
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^^fnr97°'to automatically controlled engine with afterburner. Th}-ottle position, 110° to 97° 

and 97 to 110 , altitude, 25,000 feet; nominal ram pressure ratio, 1,2; boost pump inlet pressure, 26 pounds per square inch. 
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gure 19. - Concluded. Transient operation of automatically controlled engine with afterburner. Thlottle position, 110° to 97 
and 97 to 110 ; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 26 pounds per square inch. 
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Transient operation of automatically controlled engine with afterburner. Throttle posiLtlon, 110° to 101° and 101° to 110°; altitude, 25,000 feet; 

nominal ram pressure ratio, 1.2; boost pump Inlet pressure, 26 ilounds per square inch. 
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Figure 20. - Continued. Transient operation of automatically controlled engine with afterburier. Throttle position, 110® to 101® and 101® to 110®; 
altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet prfssure, 26 pounds per square inch. 
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Figure 20. 


rnn^nded Transient operat ion of automat Ically controlled engine with afterburner. Throttle position, 110° to 101® and 101° to 110°; 
Concluded. ^^e^ 25,000 fLt; nominal ram pressure ratio, 1.2; boost pump i|let pressure, 26 pounds per square inch. 
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Figure 21. - Transient operation of automatically controlled engine with after- 
burner. Throttle position, 105° to 110°; altitude 25,000 feet; nominal ram 
pressure ratio, 1.2; boost pvrnip inlet pressure, 26 pounds per square inch. 
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Figure 21. - Concluded. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 105® to 110®; altitude, 25,000 feet; 
nominal ram pressure ratio, 1,2; boost pump Inlet pressure, 26 pounds per 
square inch. 
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Figure 22. ~ Transient operation of automatically controlled engine with afterburner. Throttle 
position, 110° t'o 93° and cut off; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; 
boost pump inlet pressure, 26 pounds per square inch. 
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Figure 22. - Continued. Transient operation of automatically controlled engine with afterburner. 
Throttle position, 110 to 93 and cut off; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; 
boost pump Inlet pressure, 26 pounds per square inch. 
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Figure 22. - Concluded. Tra^isientoperationoFautamatTcairyo^ 
Throttle position, 110° to 93° and cut off; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; 
boost pump inlet pressure, 26 pounds per square inch. 
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Figure S3. - Transient operation or automatically controlled engine with after 
burner. Throttle position, 72° to 108°; altitude, 25,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per square inch. 
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Figure 24. - Transient operation of automatically controlled engine with after 
burner. Throttle position, 108°to 72°; altitude, 25,000 feet; nominal ram 
pressure ratio, 1.2; boost pump Inlet pressure, 30 pounds per square Inch. 
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Figure ^4~. - Continued. Transient operation of aut^iSa'tlcally controlled engine 
with afterburner. Throttle position, 108° to 72°; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per 
square inch. 
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Figure 24. - Concluded. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 108° to 72°; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per 
square inch. 
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Figure 25. - Transient operation of automatically controlled engine with afterburner. Throttle posltlci, 
82° to 108°; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 povids 
per square Inch. 
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Figure 25. - Concluded. Transient operation of automatically controlled engine with afterburner. Thri 
position, 82° to 108°; altitude, 25,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet presi 
30 pounds per square inch. 
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Figure 26. - Transient operation of automatically controlled engine with after 
burner. Throttle position, 108° to 82°; altitude, 25,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per square inch. 
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Figure 26. - Concluded. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 108° to 82°; altitude, 25,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per 
square inch. 
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Figure 27. - Transient operation of automatically controlled engine with af terbtu?ner . Throttle position, 108° to 90° and 90 to 82 j altitude, 25,000 feet,nom na ram pressure 


ratio, 1.2; boost pump inlet pressure, 30 p|unds per square inch. 
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Figure 27. - Concluded. Transient operation of automatically controlled engine with afterburner. Throtle position, 108° to 90° and 90° to 82°;altitude, 25,000 feet; nominal ram 

pressure ratio, 1.2; boost pump inlet pressure, 30 pounds per square inch. 
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Figure 28. - Transient operation of automatically controlled engine with afterburner. Throttle prfitlon, 72° to 109°; 
altitude, 35,000 feet; nominal ram pressure ratio, 1,2; boost pump inlet pressure, 18 pounds peij squ^e inch. 
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Figure 28. ~ Continued. Transient operation of automatically controlled engine with afterburner, Throitle positions 78° to 109°j 
altitude, 35,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds pir square inch. 
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Plgtire 28. -> Concluded. Transient operation of automatically controlled engine with afterburner. Throtle position, 72° to 109°; 
altitude, 35,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds pr square inch. 
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Figure 29. - Continued. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 109° to 72°; altitude, 35,000 feet; 
nominal ram pressure ratio, 1.2; boost pvimp Inlet pressure, 18 pounds per 
square inch. 
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Figure 30. - Continued. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 82° to 108°; altitude, 35,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per 
square inch. 
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Figure 31. - Transient operation of automatically controlled engine with afterburner. Throttle position, 109° to 85°; altitude, 35,000 feet; nominal ram 

pressure ratio, 1.8; boost pump inlet pressure, 18 pounds per sbuare inch. 
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Figure 31. - Continued. Transient operation of automatically eontrolled engine v/1 th afterburner. Thiottle position^ 109° to 85°; altltude> 35,000 feet; 

nominal ram pressure ratio, 1.2; boost pump Inlet pressure, 18 pound; per square Inch. 
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Figure 31. - Concluded, Transient operation of automatically controlled engine with afterburner. ilirottle position, 109° to 85°; altitude, 36,000 feet; 

nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pouids per square inch. 


COIFIDMTIAL 


/ JCfy 


KACA EM SE50L29 


COEFIDMTIAL 



Figure 32. - Transient operation of automatically controlled engine with after' 
burner. Throttle position, 106° to 109°; altitude, 35,000 feet; nominal ram 
pressure ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 32. - Concluded. Transient operation of automatically controlled engine 
with afterburner. Throttle position, 106° to 109°; altitude, 35,000 feet; 
nominal ram pressure ratio, 1.2; boost pump inlet presstire, 18 pounds per 
square inch. 
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Figure 33. Transient operation of automatically controlled engine with afterburner. Throttle position, 1|)9° to 101® and 101° to 109°: altitude, 35,000 feet; nominal ram 

pressure ratio, 1.2; boost pump Inlet pressure, 18 poi|ids per square inch. 
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Figure 33. •> Continued. Transient operation of automatically controlled engine with afterburner. Throttle position, 109° to 101° and 101° to 109 °- altitude,' 35,000 feet; 

nominal ram pressure ratio, 1,2; boost pump inlet pressure, 18 pounds per square inch. 
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Plgiire 33. - Concluded. Transient operation of automatically controlled engine with afterburner. Throttle position, 109° to 101° and 101° to 109°;'altltude, 35,000 feet 

nominal ram pressure ratio, 1.2; boost ptimp Inlet pressure, 18 pounds per square Inch. 
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pressure, 18 pounds per square inch. 
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Figure 34. - Concluded. Transient operation of automatically controlled engine with afterburner. Throttle position, 109° to 97°, 97° to 109°, 109° to 93° and 93° to 75° altitude, 35,000 feet, nominal ram pressure ratio, 1.2; boost pump Inlet 

pressure, 18 pounds per square inch. 
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Figure 35. 


Continued. Transient operation of automatically controlled engine with afterburner. Throttle position, 82° to 108°; altitude, 40.000 feet; nominal ram pressure 

ratio, 1.05; boost pump Inlet pressure, 26 pounds par square Inch. 
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Figure 35. - Concluded. Transient operation of automatically controlled engine with afterburner. Throttle position, 82 ° to 108°; altitude, 40,000 feef.nomlnal ram pressure 

ratio, 1.05; boost pump inlet pressure, 26 pounds per square inch. 
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Figure 36. - Transient operation of automatically controlled engine with afterburner. Throttle position, 108° to 84°; altitude, 40,000 feet; nominal ram pressure ratio, 1.05; 

boost pump inlet pressure, 26 pounds pei- square inch. 
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Figure 36 . - Continued. Transient operation of automatically oontroll^ enj^ne with afterburner^. Tlrottle position, 108® to 84^; altitude, feet; nominal ram press^e 

ratiOj 1.05; boost pump inlet pressure, 26 pounds per square inch. 
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Figure 36. - Concluded. Transient operation of automatically controlled engine with afterburner. Ihrottle position, 108° to 84°; altitude, 40,000 feet; nominal ram pressure 

ratio, 1.05; boost ptimp inlet pressure, 26 pounds pur square inch. 
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Transient operation of automatically controlled engine with afterburner. Throttle posltli, 73° to 108°; altitude 40,000 feet; 
nominal ram pressure ratio, 1.2; boost punip Inlet pressiare, 18 pounds oer juare Inch. 
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Figure 37. - Gontiinued. Transient operation of automatically controlled engine with afterburner Throttle position, 73° to 108°j 
altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 ounds per square inch. 
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Figure 38. - Transient operation of automatically controlled engine with afterburner. ThrAtle 
position, 108° to 73°; altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump 
inlet pressure, 18 pounds per square inch. 
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Figure 38. - Concluded. Transient operation of automatically controlled engine with after- 
burner. Throttle position, 108° to 73°; altitude, 40,000 feet; nominal ram pressure 
ratio, 1.2; boost pump inlet pressure, 18 pounds per square inch. 
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Figure 39. - Transient operation of automatically controlled engine with afterburner. Throttle 
position, 82° to 108°] altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump 
Inlet pressure, 18 pounds per square Inch. 
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Figure 39. - Continued. Transient operation of automatically controlled engine with afterburner. 
Throttle positionj 82° to 108°; altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost 
pump inlet pressure, 18 pounds per square inch. 
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Figure 39. - Concluded. Transient operation of automatically controlled engine with afterburner. 
Throttle position, 82° to 108°; altitude, 40,000 feet; nominal ram pressure ratio, 1,2; boost 
pump inlet pressure, 18 pounds per square inch. 
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Figure 40, - Transient operation of automatically controlled engine with afterburner. Throttle poiitlonj 108® to 82®; altitude, 40,000 feet; 

nominal ram pressure ratio, 1.2; boost pump inlet pressure, 18 pounds p<r square inch. 
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Figure 40. - Continued. Transient operation of automatically controlled engine with afterburer. Throttle position, 108° to 8S°j 
altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump Inlet pressure, 18 pounds per square inch. 
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Figure 40. 5^ OO^fletr nominal ram pressure rati o^ 1.2; boost pulp inlet pressurflB pounds per square inch. 
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Figure 41. - Transient operation of automatically controlled engine with arterburner. Throttle position, 108° to 94°, 94° to 108° and 108° to 93°; altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump Inlet pressure, 18 pounds per square Inch 
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Figure 41. - Concluded. Transient operation of automatically contrtLed engine with afterburner. Throttle position, 108° to 94°, 94° to 108° and 108° to 93°; altitude, 40,000 feet; nominal ram pressure ratio, 1.2; boost pump Inlet pressure, 18 pounds par square Inch. 
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Figure 42, - Transient operation of automatically controlled engine with after- 
burner. Throttle position, 72° to 110°; altitude, 45,000 feet; nominal ram 
pressure ratio, 1.4; boost pump Inlet pressure, 13 pounds per square Inch. 
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Figure 42. - Concluded, Transient operation of automatically controlled engine 
with afterburner. Throttle position, 72° to 110°; altitude, '45,000 feet; 
nominal ram pressure ratio, 1.4; boost pump inlet pressure, 18 pounds per 
square inch. 
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Figure 43. - Transient operation of automatically controlled engine with afterburner. Throttle positioj HO to 72°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; 

boost pump inlet pressure, 18 pounds per squar inch. 
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Figure 43. 


Continued. Transient operation of automatically controlled engine wl'th afterburner. Th ottle position, 110® to 72°; altitude, 45,000 feet; nominal ram pressure 

ratio, 1.4; boost pump ini t pressure, 18 pounds per square inch. 
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Figure 43. - Concluded. Transient operation of automatically controlled engine with afterburner. ThrDttle position, 110° to 72°; altitude, 45,000 feet; nominal, ram pressure 

ratio, 1.4; boost pump Inlet pressure, IE pounds per square Inch, 
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Figure 44. - Continued. Transient operation of automatically controlled engine with afterburner. T|rottle position, 83° to 110°; 
altitude, 45,000 feat; nominal ram pressure ratio, 1.4; boost pump inlet pressure, 18 poijds per square inch. 
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Figure 44. - Concluded. Transient operation of automatically controlled engine with afterburner, throttle q'^o 

altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost puSp inlet pressure, ^S pCSdfSr squa^i lAch ’ 
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Figure 45. ~ Transient operation of automatically controlled engine with afterburner. Throttle 
positions 110° to 83 ; altitude, 45,000 feet; nominal ram pressure rations 1.4; boost pump 
inlet pressure, 18 pounds per square inch. 
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Figure 45, - Continued. Transient operation of automatically controlled engine with afterburner. 'hrottle 
position, 110° to 83°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pump inlet p'essure, 
18 pounds per square inch. 
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Figure 45. - Concluded. Transient operation of automatically controlled engine with afterburner. throttle 
position, 110° to 83°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pump inlet pessiire, 
18 pounds per square inch. 
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Figure 47. - Transient operation of automatically controlled engine with afterburner. Thrott 

pressure, 18 


position, 110° To 100° and 100° to 110°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pump Inlet 
pounds per square Inch. 
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Figure 47, - Continued, Transient operation of automatically controlled engine with afterburn^- Throttle position, 110° to 100° and 100° to 110°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pusSp 


Inlet pressure, |l8 pounds per square inch 
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Figure 47, - Concluded. Transient oneratlon of automatically controlled engine with afterburner. Throttle position, 110° to 100° and 100° to 110°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; boost pump 

Inlet presure, 18 pounds per square Inch. 
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Figure 48. - Transient operation of automatically controlled engine with afterburner. Throttld position, 109° to 94° and 94° to 109°; altitude, 45,000 feet; nominal ram pressure ratio, 1.4; 

boost pump inlet pressure, 18 pounds per square inch. 
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